Lawrence Berkeley National Laboratory
LBL Publications

Title
Metastable States of Rel80, Ir191, Aul93, Pb201, and Pb203

Permalink

bttgs:ggescholarshiQ.orgéucéiteméGgQ2d7lg

Author
Fischer, Vera Kistiakowsky

Publication Date
1955-04-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6gp2d71q
https://escholarship.org
http://www.cdlib.org/

W ey

UNIVERSITY OF
CALIFORNIA

TWO-WEEK LOAN COPY

This is a Library Circulating Copy

which may be borrowed for two Wwe
For a personal retention copy call

Tech. Info. Division, Ext. 5545

eks.

BERKELEY, CALIFORNIA

UCRL.29es

UNCLASSIF;

,:&-u



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



’States of RGIBO rlal Au193 pbedl and Pb?o3

Vera Klstlakcwsky Pigcher

. Radi qnzon Lakoratery, UnLVGrs;ty‘oJ California
R Rerkeley

- and- .
';volumhla Unlverslty
o * NewiYork
C 7 april 1955
-;Abstract

Ten elements of atomic number between 60 and 82 have been

'bOmbarded With 31 S Mev protons and’ examined for activities o

‘erved in Sm, Ho, Tm, Lu, and Ta. Thoae produced 1n W, Ir,

prortional counters._ Isotope assjgnments were made on the basis

Offeicitation funetion studieu.. Observed were Rei80m (145
Seeonds), rlulm (h 9 seoonds), Au193m (3 9 seconds), Au195m
(31 séconds), Au197m (7 n seconds) PbZOlm (60 seconds), and |
fff z;fé=) b203m(6 1 seconds) Decay sohemes are prOposed and some

y’regularities are djscusaod.

:~,‘%:ff # This work waa’ sponsored in nart by Lhe Atomic Fnergv
SR Commission.;_y; :

.'JZ **‘ﬂhis ‘work was made possib]e by the Sarah Berliner Fe110wship
. (1953~5h) of the American Association of University ‘Women. .
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;Introduction‘

In agreement with cons;dexetlons based on tho'ehell model
:it has been observed‘that many isotopes in the reglon between'
: 4atomic number 60 and 82 have low 1v1n5 metastable states. It

- has further been pointed outl 2 that there is & grouplng within

’°Q:this.region_de£ined by closed nucloon shells: -the denSLty of

ﬂ'_7ceees of'huclearwisomefism increases sharply at the upper'end

'”'ofof the region, ‘there being seven observed cases’ with 2 = 60 to

'»f72 and twenty-four, with Z 72 to 82. In order to determine

vq whether this effect is due solely to 1nsufflcient study of the

':l"lower end of the. region, a search for new cases of isomerism .
'.;was undertaken | | |
| - Ten . elements have been bombarded with 31.5 Mev protons and
-examined for activities with half 1ife between 0.5 and 200 se-, 
 Rﬂconds. These experimentally set 1imits include the expected
5.:?ha1fulivee of M3 and E3 transitions of energy < 200 kev, Mu and':
tlEu treneitione of energy > 500 kev and energetic beta decay
_transitions.‘ Since a number of nuclear reactions are possible
vxat the maximum bomberding energy, excitation function studiee
‘were performed to permit isotopic assngnment of the observed

activities.' f»V‘;' A S e

Experimentel .

I. Bombardment and Counting Arrengement_- - _ ’ .

. 1. M. Goldhaber and R. D. Hill, Rev. Mod. Phys.'z‘, 179 (1952).
2. J. W. Mihelich and Ao do- Shalit Phys. Rev. 3_ 135 1954>.
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96 % 71Lu ( / ‘_ )3, 73‘1‘3 ( v 99/0), :
';"~  _7‘ "II'_ (99 2 %), ’{BPL ( 4 99/0), 79AU~ ( / 99 %)s and

'The ten‘targets whlch were bombarded are 628m

N

‘ad:at on Labor tory linear accelerator.ﬁ The beam was focused 1nto

In additlon, to make certain '

,laced tmmediately bafore the target positlon The energy of the

am;monitor”deskgned and buljf by Dr. S W. Kitchenu the output" s

~fu3_fof which  .s~connected Lo a standard Jntegrating Plectrometer~

-;irecorder.f T‘is monitor Was placod in ‘the beam path in front of -

'tﬁfthe absorber jand calmbrated against a raraday cup placed 4in the
"f%target positlon for all absorbers used. -

_l  f Shieldjng, consmst;nr of eipht JDChbS of paraffin and 1/16th,'
1jﬁ7iiinch of cadmium, proved suffictqnt to minimiZe neutron activation
.‘.ﬁ.;of the NaI(Tl) scintillation crystal used for gamma ray studies.

’3In addition two 1nches of 1pad were used to reduce the external
”%Q!;[u'f" R | | |

. On loan- from Dr. F H Snedd:nv, Ames Laboratorv, Ames, Iowa
- S. W Kitchen, Rev._Sci. Inst 26, .23l (1955).
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gamma ray background During bombardment, the target holder,
vfcentered on the beam spot rested between two vertical ralls an
a catch. At the end of bombardment the catch was. solcn01dally
;withdrawn and the target holder fell, guided by tho ra*ls,
:through a qlot in the >hLeld1ng to.a p031tlon b@Lwecn a- qcintil~v

.1ation and a gas counter. Thus the lower 1limit. on the halfflives
'- observable”was set'by the time of fa11, ~ 0.5 second, while the
upper 1imit was set to minimize accelerator idle time.
;II Counters, Electronicq
_ The sc;ntillation counter was-of convent;onal design con-
Siﬂting.ofbé pﬁe inch’by.l'l/é inch]diametefﬁﬁgi(Tl)vcrystal'and
ré,DuMonf 6292 photomiltiplier packaged in an aluminun housing
and ﬁrotected by a-magﬁetic shieldiné énd léad shield. Under
‘standard operating conditions, the photopeak of the cal3T 0,86
._Mev gamma ray was observed with 8 % resolution.

| The ‘gas counter was a continous flow type employinga90 %
_argoh»lb'% CarbOnmdioxidé-mixture. It was operatéd in the pro-
pdrtional’regiqn and used.to detect electrons. Energy deter-
minations were made by absorption studies, | |
A two—pen, three-speed Brush Co. recorder was used to

récord the data. Pulses from the scintillation counter, amp -
1lified by a standard University of California Radiation Lab-
oratory non-overloading linear amplifier, were placed into a
scaler coﬁnected to oné pen of the recorder. The other pen was
used to record either the pulses from ths gas counter followed
'by a preamplifier, linear ampllfier'and scaler, or the pulses |

from a second output of the scintillation counter linear amp=- .
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“1ifier'follOWCd by an A. I. Model )10 81nglc channel pulse—heighb.
fanalyzer and a scaler." All the scalérq ﬁere pated off for the |

'vduration of the linear accplerator radio frequency pul%e.-

‘ Gamma raf spectroscOpy Wes performed using a grey wedge.c

pulse-height analyzer which has been described previously 5

111, Method | - TR
| The control used to- end bombardment by shutting a rlip gate =

cor dephasing the Van de. Graaff and 1incar accelerator,_simultan~
eously started the recorder chart drivo‘ Thus the starting pointsn

of the recorder traces correcpond to, end of bombardment.f At the N

cagme time the taraet was3 dropped. ‘The decay after each bombard— 

PR

ment was followod until the. COuntlng rate due to 1onger lived.
activities and external baokground bncame constant enough to‘ 
permit resolution of Lhe docay crvea. .“ |
The spectra of gamma ray oncrglcsvwere studled with the
grey wedge pulse- height analjzcr by r;posing a plven negativeﬁ j~
for a time interval after hombardment in which pulses from the .
desired activity were prcdomlnant This. was repeated until -’ |
sufficlent pu]an for an lntclllcibla 3peotrum were accumulated.
The general method has been prcyiously describcd.S Enprgy cal—
ibrations were-made at intcrvals‘fhroughout eaCh?series of bom-
bardments. Tﬂe relétivé intensities of~obscrvcdlgamma rays
were determined with the single-channcl pulsc—height analyzér.
Decay curves simultaneously reoo?ded of the differential ang
integral coucting’rates.wcfeicholved.and tha:ccmponents:were

extrapolated to the time at‘eﬂdhof bombardment. ThéAfatio of.

S.‘Vera-Kistiakowsky Fischer,'?hys.;ﬁev.'gé, 1549 (195&).
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" these extrapolated counting ratns were plotted as 3 function of i
;

pulse-helight analyzer setting. The heinhts of the photopeaks -ﬁ R

3

corrected by emﬁirical counting eiflciency fattors and calculate§ :

%,.

et

absorption corrections gave the relativa intensities.- -The K x-r %

Ly
k4

M
o

values were corrected for the Auger effect 6 : f',’ . i
Absorption curve determinations were made of the electron
-energies associated with each activity.‘ Ratios of gas counter tn

vscintillation counter counting rates at end of bombardment were;'
?

“ e

‘plotted as a function of absorber thickness, and these curves
were-resolved. Electron to gamma ray intensity ratios were cor

L

rected by the factors mentioned for gamma rays, by electron ab=¥

calculated from the counting rates of components of the resolveg
| scintillation counter decay curves extrapolated to the end of gﬁ‘.l
bombardment. These were corrected a8 previously discussed and i
calso by a saturation factor calculated from'the length of bom—
bardment. Absolute cross-section values were obtained by ap-

plying additional corrections for geometry, isotopic abundanceiﬁ

and branching ratio and conversion consmderations.

A s

IV. Result s

Bombardment of Sm, Ho, Lu, Tm, and Ta yielded'only very' ;

weak traces of short-lived activities. The amounts COrresponded

; .
" to cross-sections of at least a factor of lOSvsmaller than the

compound nucleus formation cross- sections for the glven targeu

v

and energy. The chsracteristics of the activ1ties in so far

6. H. S. W. Massey and E. H. 3. Burhop, Proc. Roy. Soc. (London)
153, 661 (1935 36). v
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as they could be determined 1ndicated that they probably arose

from oxygen and other Jow Z elements.

Table I summarizes the. results with the other five targetS.
3The half~ 1ves quoted represent averages of thoqe determinations
which satisfled;certain statistzral criterla, the errors are
',their standard deviations. The number of determinations repre«

vsented by edch value is given in the brackets. No quantitative

attempt ﬁo estimate systematic errorslwas made.  However, the
'1hterne1vconsistency between diffefent runs under varying con-
ditions indicates that they are not more than-a few percent
'i In the fourth column, listing the observed gamma ray energies,
the 65 75 kev radiations observed in all cases are probably K
x-rays. The errors glven are estlmated experimental errors.
The electron energies as measured by the absorption studies are
given in the fifth column. The only case where a good endpoint
:determinetion was poésible was wolfram. In a1l other cases
only upper limits could be. set. |
- The last‘column of Table I gives.the assignments which were
made for the observed activities on the basis of the excitation
functlions given in figures 1 and 2. 1In these the ratio of the
ekperimentally determined croés-sectien_to_the compound nucleus
formation eross-section7 (ro = 1.3 x 10“15 cm) is given as a
function of the energy of the bombarding proton in the center
of mass system. The uncertainties in energy of the boints'in-
clude the uncertainty concerning the energy of the initial beam

7. "Theoretical Nuclear Physics" J. M. Blatt and V. F. Weisskopf,
John Wiley and Sons, New York (1952).
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. and;the apread due tq tarpet thickness. The ﬁncertainties in
 cross;séction'incipde an estimate of the exberimentél errors
but~d§ not include uncertéinties in some of the.factops}involved
in cglchlating the absolute croés«sectioné. A doﬁnward pointing
arrow ihdicatés that ﬁhe’activity was not"obsefvedfénd only an

upper 1imit could be set.

'Table.I,

vSumMapy of Results:

‘Target | Observed - |Gamma Ray Electron [Assighment|-
' Half-life Energies Energies
Z |Elemeny (seconds) I (kev) {Mev)
gt pow o |15l [38] 880440 510£20 {1.1+0.1 |Rel80m

106+10  65+10 1 <0.3

77 { Ir | L.91+0.1h \‘55]‘135:*.10 65410 | <0.3 1r191m

P e

3.88+0.25 [69)] 255420 70+10 | <0.3 | Aul93nm

(78 | Pt [30.60.19 [65] |260+20 70+10 | 0.3 | aul9Sm
il . e :

.. - 7.,2310.28}_4())270:20 1301-_16‘ N 0.3 Aul9Tm

; ., 70£10 -t

{79 Au SR SR 1 : :

] 30.0+1.7k4 2] {260+20 © 70+10 § <0.3 Aul%om

f 6.73+0.1L, 68] 1 86040 75+10¢ < 1.0 | Pp203m
81| T R , T

- {6001+lh.L k2] [ 650430 753100 1.0 | POEUTW

H = L g !
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-Interpretation of Results

I. Gold
Two short half-life activities were observed in the gold

bombardmentas. 'Qne has a half-1ife of 7.2 seconds with which are
'>associated 130 and 270 kev gamma rays, K x-rays and electrons.

- This is readily identifiedeithlthe well-known metastable state

_ , 8 ' A
of Aul97, The second activity has a half-life of 30 seconds

wlith which 1s associated a 260 kev gemma ray, K x-rays and

~electrons. These values agree with those previously found for

a metastable state of Aul95 9310 which emits 56.5 and 261.6 kev

. gamma rays. The 56.5 kev gamma ray is very highly converted

and therefore would not have been observed in the present study.

The experimentaily determined intensity ratios for both isotopes

_agree very well with the known conversion coefficilents. Pre-

viously proposed 8,9,10 decay gchemes for both isomers are glven

in figure 3.

‘“The obserﬁed exéitation functions are glven in figure la.
Cﬁrve-A corresponds to the reaction, Aul97 (p,p') Aul9Tm, and
curve B, to the reaction,vAu%97 (p,p2n) Aulggm. The values of
the fatio‘oexp/cc gre.small at all energies, the experiméntal
cross-section, Oexp being only a few per cent df the cgmpound

nucleus formation cross-sectibn, oce The total inelastic scat-

tering cross~section for 31.5 Mev protons in gold has been

11 to be 0.29 barns, giving Oexp/ﬁc = 0.26, and the cross-

8. J. W. Mihelich and A. de-Shalit, Phys. Rev. 91, 781 (1953).

9. Von 0. Huber, J. Halter; R. Joly, D. Maeder and J. Brunner,
Helv. Phys. Acta 26, 591 (1953).

10. Grillon, Gopalakrishnan, de-Shalit and Mihelich, Phys. Rev.

ll.aﬁ} M. Eisberg and G. Igo, Phys. Rev. 93, 1039 (1954).
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and K converSion coeff101ent Furthermore, the excitation func~3 Qf:‘§f?'
- ERER &
#

‘ tion for this activity, figure 2a curve B, 13 éhat would be ex-' ,‘iﬁ;k'
: peotedlfrom the sum of the reaction Pt195 (p n} Au195m Pt196 : }ffff:
_pr,EnO Au195m and Pt198 p hn),Au195m Both curves in.this fi-#5?;?ﬂ35 i
| ';gure have not been corrected for isotopic abundance and Uexp/cc m)ﬁjiﬁp
;:Qwould be approximately one at 1ower energies if fhis correction-fﬁyﬁ'.{f;
'ijwere made.  In this atomic number region such a value indicates "ifﬁ: ﬁi‘ﬁ
) ‘1fthat the decay mode of the coumpound nucleus leading to the iso~‘={ﬁf_?..
: L:tope 1n quastion does not 1nvolve charged partlcle emlssion. “N"ﬁ7§¥;>”
o ZThe shape, firat constant and then falling off after 20 Mev _;‘ v ,h,§§;
AUCUCE TR F e R R D &
r"lZ; Cohen, Newman, Charpje and Handley, Phys. Rev. 3;, 1039 (195h). g§

T vy
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ﬁindicatee Lhat ( I) aod'(p,ﬂn) but not (n,}n) eoﬁtriﬂuﬁe wh@ie 
fhe upwerd turn at 30 MBV can be eXplained by e (p,qh),oontrie |
ﬁbution.{fiAVfA v' ' ( - ‘ | | _. |

: ozﬂCurve A 1s the excitatlon functlon for the productjon of
jgithe 3 88 second activity On the basis ef 51m11ar arpuments'
‘“éit is- assigned to AulgBm produced by the reactlons Ptlgu p,2n)
fAu193m Pt195 (p,3n) Au193m and Pt195 (p ln) Au193m The initial
~‘“?ferrse in the curve indicates the absence of (p,n) contribution,-
,§ ?Th1s 1somer was ObSBPVed to‘emit aVZSS kev gamma ray with

S i;- O h + O l and k/L «42. Comparing these numbers with the

;theoretical ak values given by Rose et all3_ and . the empirical .
i}k/L c&rves given by Goldhaber and uunyarlu the transition is
fkund to be Mi with posslble B2 admixture.‘ Thus the multionle

ii;forder of the gamma ray 1s definltely too low to account for the
ﬂfﬂihai&klife and some other trensation must be. rate determining. vv
| i Grillon et allo have discovered a metastable stebe in | |
15Au193 following the electron capture decay of Hg193m whosn aa1f~-
':%iglife they were not able to determine They -observed conversion

:”}f~electrons correSpondlng to 51 9 kev (D3), 257 9 kev (Ml) and

-~291 kev (weak) gamme rays The 257 9 kev gamma ray and the

'2”260 kev gamma ray observed in the present study are presumeably
;pjidentical.' The other two would not have been observed Thus
“_the decay scheme given by Grillon et all6 -figure 3¢, is as-v
;isigned to the 3 88 second Au193m '

{f;:‘efﬂh,13. ?osg, Goertzel Spinrad Harr end Strong, Phys Rev 8l, 1056
R T 1951).
S v'flh._M.,Goldhaber and A, w Sunyar, Phys Rev 83, 906 (1951).

'y
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III. Iridium

: ?:k, Figure lb shews the excitatlon function obtained for the’f 
nd€f€production of the u 91 seconds hali 111@ actnvity in iridium
S'T;The Uexp/oc values are of the order of magnitude expected for

i‘lee}reactione involving emissien of charged particles from the com=

'}j{pound nucleus._ The shepe of the curve 1ndicates contributions |

7from (p,p ) and p,pén) but net (p pn) Therefore this activity
.f 1s assigned to e metastable state in Ir191 produced by Irlgl

V?eﬁ(P:P ) Ir191m and Ir193 (p p2n) IP191m.l Assuming all k. x—rays :

“’;"and electrons to arise from the conversion of the observed '

‘-}{ff135 kev gamma ray jt 13 found that “k =y 2 7 + 05 5 and K/L “10 08._

A 129)1 kev gamma ray goxnp to ‘the ground state of Irlgl . :
4v 5"’ ) 0
”nhas been observed both fPom the decay of 0319l B and f Ptl91 10’2 .

;‘3;jf§hé gamma ray has “k = 2 1 end k/L 2 2: and thus fhe transition -
 e\5I1s a mixture ef Ml and EZ Identifywng this with the observed
S{Hxigamma ray, the discrepeney 1n k/L ret1os would be explained by
i highly L converted gammé ray correSponding to the rate deter~fm
{'mining transition A reasonable choice for thls would be the .
fvie;ul 7 kev gamme ray observed preceedlng the 12@ 1 kev pamma ray a
Av”‘;tin the decay Of 03191 15- 193 Its LII LIIE ratlo is compatible ﬂv' l‘
v,with assignment to ‘an F3 trensition.' _
| In two recent papers experiments are renorted in which
.18, 7. B VSWén aﬁd R. P. Hill, Phys. Rev. 88, e (1955)
S .lé.jE.“Kondaian, ‘Arkiv for Fyolk 3, L7 (195—) . ,
~ 17. S. A. E. Johansson, Arkiv for Fysik 3, 533 (1952) .
18, R. D. Hill and J. W. Mihelich, Phys.Rev. 89, 323 (1953).

' 19, P F. Mce Gowan, Phys. Rev. 93, 163 (1954)" ’ o
. 20.- Cork, Brice, Schmid Hickmen and Nine, Phys. Rev. gg, 1218 (1951).
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,~'eoonﬁ821 and \.6 + 0,4 seﬁonds 22

Geldheber21 givaa ve

eme suggeeted

'f vglues obtained for the half life 1n this experiment

- .N‘-- A
. oy

5IIV Thallium

- B . - - . E R
Y . . _‘

ry”conv1nc1ng argument for the eame deeay
ere and illuetrated 1n figure 3d. Flgure M

5ypjcal decay eurve and, ‘in the insert, the distributign s

fFigure 2b, ourve A, shows the excitatlon function obtained E
Jhe 60 second activity produced by bombardment of thallium.‘is

e hasiboth the magnitude and shape expected for a (p 3n) reaction;u'ﬂ
ﬁuﬁfg’ that for the 6 7 second activity observed has a shape
fl»eembling B (p,n) curve at 1ow energies and (p,3n) at-high,<
j:?with;no (p,2n) component Tbus the 60 second activity has been

"ﬁaeeigned to a metastable state of Pb201 from T1203 (p, 3n) PbZOlm i

n;ﬁand the 6 7 second activity to a metastable state of Pb203 from

| 'fp;T1203 (p n) Pb203m and T1205 (p 3n) Pb203m.- HOpkins23 also.

l”ngfbombarded thallium with vrotons and obserVed 50 second and 5. 6

‘”’f”gecond half 11fe aotivities which. he identified as Pb20MM from

“7fT1203 i, 3n) Pb201m and Pb202m from T1203 (p,20) pp202m,

‘f{second assignment was based on, observing the activity with 8

f{ bombarding energy of 2? mev: but_not with J? mev.gq This Was not

w‘:ﬁﬂthe case in the present work as seen in’ figure 5 which shows a :

T f;typical decay curve obtained with bombarding energy é:
9__, Iy50 (195h).

;‘sf;zﬁ N.-J. Hopkins, Phys. Rev. 88, 680 (1952).
. N. J. Hopkins prlvate communlcation (1955)

15 2 mev.

" 21. W. Mihblich,,M. Mc Yeown and M Goldhaber, Phys.Rev.

22, %704, Naumann and J. B. Gerhart, Phys. Rev. gh, 1452 195&).,
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be RelBo from wlea“(p 3n) RelSO:‘ The contribution from

15~ - ULRL-2955

v

" been repeated and the two ‘lower energy gamma rays were not ob-

served 2L, The half-life calculated for this tran81tion using

'the Goldhaber-Sunyar equationlu 1s 61 seconds, again in good
_agreement with the experimental value Thus the decay'scheme
: shown in flgure Tb is proposed for PbZOlm in analogy to that
-' for Pb203m, |

V 'y WO]. fram

Figure 2¢ shows the excitafion functlon obtalned for the .

145 second activity produced in wolfram. The order of magnitude

of the maximum value and the shape-ef the curve assign the ac-
tivity to.the broduet of a (p,3n) reection alone. Thus it muast
| w180
(p,sn) RelBO is not seen due to the 0.135 % abundance of W80,

' Gamma rays with eneroies of 880 kev, 510 kev and 106 kev;

k.x—raye; electrons and a-betavparticle group of maximum energy'

B 1 Mev were observed from the decay of this isotope. It is
:gcalculated from the semi-emplrlcal mass equation26 that the ground-

'state of RelB0 14 unstable by 2.8 Mev with respect to the ground

of WlBQ, suggesting.that the 1.1 Mev beta particle is a positron.

That this is the case and that the 0.51 Mev gamma ray is anni-

“hilation radiation is confirmed by the ratio of their intensities,

Ng, 1.1 Mev/Nx’ 0.51 Mev = 0.7 + O.4. The theoretical ratio

~of k electron capture to, positron emission is found to be

£y /f4 = 50 from the curves of Feenbergend.Trigg27 snd it is

26. N. Metropolis and G.‘ReitWiesnef, "Table of Atomic Masses",
" reproduced by Argonne National Laboratory through the courtesy
of the authors, March 1950 (unpublished).

-27. E. Feenberg, and G+ Trigg, Rev. Mod. Phys. 22, 399 (1950)
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“calculated that log“ft u 0. A correc*ion for L cleotron

'_capburezaraises this to loy ftB h l.

,k :
The ratio of thn intensity of thp 1 1 Mev p0¢1tron elcctron*r-'

capture decay branch to that of the 0. 88 Mev gamma ray is
T f

k- - Ng, 1,1 Mev/Nh 0.88 Meﬁ = 10+u Thuq these transitions»v
-‘aré not in sequence and the 0. 88 Mev pamma ray probably follows
:”an electron capture dacqy to an eyc1ted level in WlSO Assuming  ,
that the energy of thls transition is (Eﬁ+ + l 0) - E< | 1.« Mev.::
.vit-is found that log £y = u 6. Correcting log Tt ﬁ+;k fof :ff:‘
"this branching it is Stlll h . Thlq cugnosts thaf there must’
be a third competing decay mode und an obvioua cholce, in VieW-.
- of the radiations observed, is fhat elactron capture and posi
'tron decays proceed from a motaotable state of Relao.- The 106
kev gamma ray is possibly emitted in this suggested isomeric
transition. However, Brown et 3129 observed a leveJ of WlBO

102 kev abdve the groundvstafe By analogy to Hflao and all
other stable even A wolfram 130Lopes which have 2 rotational

i states at about 100 kev30, this is probably an E2 transition.
_The observed 106 kev gamma ray’ may also be partially or com-

' pletely due to this transition and a. number of decay schemes

are possible as indicated in figure 8.

Concluding Remarks

 Of the ten targets_stﬁdied only thode at the upper th*gfwf

thevatomic'nu@ber region gave‘obServable activities. In #iew;

28, M. E. Rose and J. L. Jackson, Phys. Rev. 76 1fu0 (19&9). '
29. Brown, Bendel, Shore and Becker, Phys. Rev. 8L, 292 1?5%%5)
1952).

30. N. P. Heydenbu:g and G. M. Temmer, Phys. Rev. 93, 90
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f the limitations of the eXperlment, thlS 1s not conclusive

tﬁ:but 1t does substantiate tne,previeusly mentioned effect There tfﬁw

'»:1are now seven known cases oi lsomerism between Z = 60 and 72 and ,wfq"

"btwenty-seven, between Zf 72 and 82; Goldhaber and Hilll and

”-TMihelich and de Shalit2 heve supgested that the absence of odd{

"proton isomers in the lower region cen be e”ﬁldlnud bv the de—,fiitﬁ'

'“jstruction of the metastablluiy of the GXaocted slngle particle. f
| levels through the interventlon of low lying levels of the - |
t~coup1ed system. | o Ll
Mihelich ana de- Sha1it2 have pointed out that the transi—
tion matrix elements, [M]2 for tho Mh transitions between .
.113/2 and fg /o states in odd neutron Pb, Hg, and Pt isotopes
" show a dependenoe on nucleon numbera~‘],12 is defined as. the-
‘ratio of the mean life for the trensztiom calculated as in j"
, Blatt and Weisskopf7 to the oxnernmnntal velue corrected for
‘oonversion.v Table 11 comb‘nes the "a]ues for Pb201m~and Pb203m
observea in the present study Wlth those previously g;ven.z_
It again emphasizes that M, e increeses.as the nuoleon'numbers
.'of the 1somers approaoh olosrd qhol]s. The ObSLIthion however,
..that this increeee is less 1han a factor: of two acoounts for ﬁxe

1l

success of Goldhaber and Sunyar in iitflng an expression to-

tthe observed half- liveu without cen81dering olosod shell eifects.
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Table II |

M, € For ML Transitions

& Tor BE T - 1
TI5 [ II7 119 T 120 I3 TS
i . ' X S
] . § i e [l r T
Pb ¢o1.02 7 1.8 | 1.54
Hg 0.88 ] 1.02 | 1.00 | 3 j
Pt. | 0 0.77{ 0.98 g P

The E3 f?ansiﬁions betweénvhll/g and 55/2 leVelé in the
0dd neutron Au and Ir isomers night be expeéted'to show similar
behavior. Since accurate values for the conversion:coefficients
of low energy E3 gamma rays are not yet avai1able,:nbﬁhing_oan
be said abbut]M}e. ‘M{Z (1 + a9 where a is the total conversion
qdefficiént is plotted against tranSitign energﬁ in figure G and
is seén to beAa'smOOth and rapidly decreasing function. On ﬁhel
assumption that iMlz does not vary by large factors as i§ the
case In the Ml transitions discussed above, then thé'cﬁrVe is
essentially the energy dependencé of (1 + a)e.

"It has been shown2 that the enetgy‘sepafation of the 133/,
Is/é .and p1/2~leve1s changes smoothly with neutroh numbef in
odd neutfon Pt and Hg isotopes. In figure-9a the energy separa-
tion of the ;13/2 and fs/g»levelé in Pﬁ, Pg and Hg isotopes‘is
plotted against neutron numbertv The values for ?bZOlm and pb293m
were those‘observéd in this experiment while. those for the other
isomérs were takeh from the article by Mihelich and de-Shalit,?
Figﬁre Qb shows the energy separation plotted against proton
number fop neutron number 119, In both cases the levél separa-
tion 18 seen to increase smoothly as expected as the nucleon

number approaches a closed shell value.
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~ R Liat of Figure Captions

Figure 1 : Excltation Functions. a) Actlvities nroduced by
bombardment of gold with ﬁrotons A) 7.4 secords half-
1ife, B) 30 seconds half-life. b) 4.9 seconds half-

1life activity nroducrd by bombardment of lridium with
protons.

Figure 2 : Excitation Functions., a) Actlvitaes produced by.

: bombardment of platinum with protons: A) 3.,iseconda
half-life,  B) 31 seconds half-1ife. b) Activities
“produced by bombardment of thallium with vrotdns:

A) 60 seéconds half-life, B) 6.7 seconds half- 1lfe. :
¢) 145 seconds half-life activity produced byi bombard-
ment of wolfram with protons. f

) -

" Figure 3 .: Decay Schemes. a) auld9mm, p) Aulgbm, c) mﬁ193m
_ and d) Irl9lm, B - o
Figure L : Typical decay curve for Irl9lm, The points are.
expcrimental and are resolved into two components
A) 4.9 seconds nalf-life, B) background. The insert.
gives the distribution of values determined for the
half life. - :

FPigure 5 : Typical decay curve for Pbe03m produced by bom-
- - bardment of thallium with protons of energy 4 15.2 Mev.
The points are experimental and are resolved into two
components A) 6.7 secondq half-1ife, B) backgoound.

Fipure 6 : Typiecal decay'curve for pb20lMm 4ng Pb203m.' The
: . points are experimental and are resolved into three
components A) 6.7 seconds half-]ife, B) 60 seconds .
half-1life, C) background. The insert gives the dis-
tribution of values determined for the shorter half- life

Flguee 7 : Decay schemes. a) Pb203mfand-b).Pb201m

Figure 8 : Decay scheme prOposed for RelBOm

Figure 9 .= )M\2 (1 + a) as a function of transition energy for
E3 transitions between hyjy /2 and 5/2 levels in odd
neutron Au and Ir isotopes. :

Figure]ﬂ Energy separation of i;,/, and f 1evels in odd
A Pt, Hg, and Pb isotopes 3{ as a fgéction of neutron
number, b) as a function of proton number.
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